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SUMMARY 


Tests  were  made  in  tlie  Lang-ley  impact  basin  to 
determine  the  relationship  between  Imj-jact  normal  accel- 
eration and  flight-path  angle  for  seaplanes  landing  on 
smooth  water.   The  tests  were  made  at  both  high  and  low 
forward  speeds  with  the  model  at  3^  trim.   The  model 

1° 
had  a  dead-rise  anglf  of  22-2   and,  with  the  di'-op  linkage, 

weighed  1100  pounds.   The  results  of  thf;  tests  indicated 
that  the  maximum  impact  normal  acceleration  was  propor- 

tloual  to   Y      over  the  test  range  of  flip;ht-path 
angle  ■^^     and  that  the  effects  of  gravity  forces  appeared 
during  the  immrrsion  process  after  the  may.imum  impact 
normal  acceleration  had  occurred. 


INTRODUCTION 


The  time  history  of  the  Impact  acceleration  that 
occurs  during  sT^.TTimetrical  sm.ooth-water  landings  of  a 
seaplane  is  dependent  upon  thi-'ce  r^rincipal  fli/i-ht 
param-eterss   velocity,  flight-path  angle,  and  trim.   The 
varietion  of  impact  normal  acceleration  with  resultant 
velocity  is  presented  in  reference  1.   It  has  heretofore 
been  iTpossible  to  establish  ex]Terimental]  y  the  relation- 
ship between  impact  load  and  flight-path  angle.   Data 
derived  from,  tests  of  full-scale  airijlanes  have  not  been 
ap-'-^licable  to  the  problem  of  determ.inlng  this  relation- 
ship because  of  insufficient  accuracy  in  the  m^easurement 
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of  the  test  parameters.   The  Lanrley  Impact  basin, 
however,  affords  controlled  as  well  as  accurate  means 
for  obtaining  data  relevant  to  th.1.s  problem  (refer- 
ence 1)  .   Tests  were  made  in  the  Lan.^ley  Impact  basin 
to  dotermine  an  eriplrlcal  variation  of  Impact  normal 
acceleration  with  flight-path  angle  within  the  range  of 
smooth-water  landings.   The  results  of  these  tests, 
Vv'hich  Included  runs  at  both  high  and  low  speeds,  are 
representau've  of  a  prismatic  form  because  the  model 
(reference  1)  was  tested  without  the  afterbody.   The 
effect  of  trim  is  not  included  in  the  present  report 
since  all  runs  were  made  with  the  irodel  at  5°  trim. 


SYj.ffiOLS 


V       resultant  velocity  of  float,  feet  ner  second 

V^      horizontal  velocity  component  of  float,  feet 
per  second 

Vy      vertical  velocity  component  of  float,  feet  per 
second 


g 


acceleration  of  R;ravity  (32,2  ft/sec^) 

Y  flight-path  angle,  degrees  I  tan  y  =  V~  ) 

y  vertical  displacement  of  float.  Inches 

F^  _impact  force,  pounds 

V»  total  dropping  weight,  pounds 

nj_  impact  load  factor,   g   \~v^/ 

T  float  trim,  degrees 

EQUIFTffiNT  AMD  INSTRU^IENTATION 


The  model  tested  (fig.  1)  was  the  forebody  of  the 
float  described  in  reference  1,  which  has  an  angle  of 

dead  rise  of  22—  .   The  droppinsr,  weight  of  the  m.odel  v/as 
held  at  1100  pounds  throughout  the  tests.   The  instruinents 
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and  equipment  used  thx'oughon.t  were  the  same  as  tlioee 
described  in  reference  1,  except  that  an  NACA  air-damped 
accelerometer  with  a  natural  frequencjr  of  approximately 
21  cycles  per  second  replaced  the  galvanometer-type 
accelerometer  previously  used. 


TEST  PRCC5DITRE 


The  tests  included  two  series  of  runs:   the  first  at 
a  forv/ard  speed  of  approximately  98  feet  per  second  and 
the  second,  at  approximately  45  feet  per  second.   The 
trim  and  yaw  angle  v/ere  held  constant  throughout  the 
tests   at  3°  and  0°,  respectively;  whereas  the  vertical 
velocity  was  varied  to  give  an  approximate  ranpe  of 
V^/V^-   from.  0.015  to  0.130  for  each  series  of  tests. 

The  depth  of  imjnersion  was  measured  at  the  step.   During 
the  impact  proce'^s,  a  lift  equal  to  the  dropping  weight 
was  exerted  on  the  float  oy  means  of  the  buoyancy  engine 
described  in  reference  1.   All  test  measuremients  were 
recorded  as  tim.e  histories. 


PRECISION 


The  apparatus  used,  in  the  present  tests  give  meas- 
urements that  are  believed  correct  within  the  following 
limiits: 

Hcrizortal  velocity,  ft/sec  ±0.5 

Vertical  velocity,  ft/sec  ...  +0.2 

Vertical  displacem.ent,  in ±0.2 

Acceleration,   g ±0.5 

Weight,  lb , ±2.0 


RESULTS  AND  DISCUSSION 


The  maximum  normal  load  factor  for  each  im.pact  was 
derived  fromx  the  accelerometer  record  for  each  run. 
Inasmuch  as  the  buoyancy  engine  contributed  a  force 
equal  to  the  dropping  weight,   1  g  was  subtracted  from 
the  accelerom.eter  record  to  isolate  the  hydrodynam.lc 
force  resulting  fromi  the  impact.   Because  the  maxim.um 
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Impact  norrr.al  acceleration  was  shown  in  reference  1  to 
be  proportional  to  the  square  of  the  resultant^  vel  ocity, 
the  hydro dynami  c  loaa  factor  wa?  div:  ded  by  'j'^      to 
elirrdnate  tho  effects  of  velocity.   The  values  of 
ni    /v2   thup  obtained  are  olotted  in  figure  2  against 

the  flight-path  an<x]  e  at  the  instant  of  v/ater  contact. 

Within  the  scatter  of  the  test  points,. the  variation  of 

Hi     with   •«   is  an  exponential  function  over  the  test 
-■-nax  ^ 

range.   Evaluation  of  the  slope  of  the  curve  in  figure  2 

shows  that  for  3°  trim 

n,     ct:  Y^l-36 
ma:-: 

?v'Iaxiirum  depth  of  immersion  and  depth  of 'imn;ersion 

at  the  time  of   n,-      are  plotted  against  the  flipht- 

-■-max  ^'  ■         . 

path  angle  In  figure  2.   The  curves  representing  the 
immersion  at  m.aximum.  n^      for  the  two  velocity  series 

coincide  and  thereby  show  no  effect  of  vf^locity;  however^ 
the  curves  for  maximum  immiersion  show  a  definite  separation 
anc*  thus  indicate  a  velocity  effect  during  this  period. 
It  is  quite  easy  to  shov/  tire,  t  the  m.aximum  depths  of 
immersion  for  impacts  of  equal  flight-path  angles  but 
different  velocities  are  the  same  provided  the  acceleration 
at  any  instant  is  proportional  to  the  square  of  the 
velocity  and  all  other  parameters  are  assumed  constant. 
The  lnst£i.ntaneous  impact  accelerations  result  from  a 
surmiatior  of  dynamic  forces  and  gravity  forces,  both  of 
w'-iich  vary  in  magnitude  during  different  stages  of 
imjiiersion.   T>:e  d:,'namic  forces  are  proportional  to   V'^, 
but  the  gravity  forces  do  not  follow  the   V^   law.   It 
is  therefore  evident  from  figure  3  that  the  effects  of 
gravity  forces,  which  are ' a  function  of  Froude's  number, 
become  apparent  during  the  imrier'^ion  process  some  time 
after  the  maximum  normal  im.pact  acceleration  has  occurred. 
The  accuracy  of  too  data,  however,  is  insufficient  to 
permit  evaluation  of    the  m.agnitude  and  extent  of  this 
effect. 


CONCLUSIONS 


Tests  wei-e  made  in  the  Langloy  impact  basin  to 
deterriine  the  relationsliip  be'tween  the  impact  normal 
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acccle ration  and  flight-path  angle  for  scaplaner  landing 
on  pmooth  v;at£r.   The  resul.ts  of  the  test?,  which  were 
madt  at  constant  weight  and  3^  trim.  Indicated  th-^. 
following  conclusions: 

1.  The  Tnaximimi  Impact  nornial  pcceleration  was  pro- 
portional to   Y-l"^*3   over  the  test  i^ange  of  flight-path 
angle 

2.  The  effects  of  gravity  forces  appeared  during 
the  Inrnersion  process  after  the  maxj,mujn  impact  normal 
acceleration  had  occurred. 
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Fig.  1 


Figure  1.-  Side  view  of  model  fastened  to  boom 
in  Langley  impact  basin. 
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Fig.    2 
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